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(54) OLED PIXEL UNIT, DRIVING METHOD THEREFOR AND OLED DISPLAY DEVICE

(57) The present invention relates to an OLED pixel
unit and a method of driving the same, and an OLED
display device. The OLED pixel unit comprises driving
modules, a selecting module and a light emitting module.
The number of the driving modules is M, the light emitting
module comprises N light emitting units, wherein M<N.
The N light emitting units emit N colors of light capable
of achieving full color display, respectively. Each driving
module generates at most one driving current in a frame
of picture so as to drive one light emitting unit to emit
light, and at least one driving module generates the driv-
ing current in each of a plurality of frames of pictures so
as to drive different light emitting units to emit light in the
plurality of frames of pictures, so that the M driving mod-
ules drive the N light emitting units to emit light in n frames
of pictures, wherein 2≤n≤N. The selecting module is con-
figured to perform gating so that the light emitting unit
about to emit light in each frame of picture is connected
with the corresponding driving module.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of dis-
play technology, and particularly to an OLED pixel unit
and a method of driving the same, and an OLED display
device.

BACKGROUND OF THE INVENTION

[0002] In an OLED display device, each of pixel units
generally comprises three subpixels. Each subpixel com-
prises an OLED that is driven by a driving module to emit
a corresponding color of light. The OLED display device
allows each pixel unit to display different luminance and
colors by controlling parameters such as brightness and
color saturation of the light emitted from the OLED in
each subpixel.
[0003] Generally, the driving module comprises a plu-
rality of transistors and at least one capacitor. Fig. 1 il-
lustrates a driving module that comprises a small number
of transistors and a capacitor. As shown in Fig. 1, the
driving module comprises a switching transistor T1, a
driving transistor M1 and a storage capacitor C1. In the
driving module shown in Fig. 1, a current for driving the
OLED to emit light is expressed as: 

where Vgs indicates a voltage difference between a gate
and a source of the driving transistor M1, β indicates a
parameter in connection with a process parameter and
a feature size of the driving transistor M1, and Vth indi-
cates a threshold voltage of the driving transistor M1.
[0004] Generally, in the existing OLED display device,
the OLEDs in the subpixels are driven by individual driv-
ing modules and emit light simultaneously. Such a con-
figuration causes the number of the driving modules to
be equal to that of the subpixels in each pixel unit, so that
the number of the driving modules is relatively large, re-
sulting in that large numbers of transistors, storage ca-
pacitors and signal lines are required to be provided in
each pixel unit and a large area is occupied by each pixel
unit, which counts against improvement of the pixel den-
sity of the OLED display device.

SUMMARY OF THE INVENTION

[0005] In order to solve at least above technical prob-
lem existing in the prior art, embodiments of the present
invention provide an OLED pixel unit, a method of driving
the OLED pixel unit and an OLED display device, which
may reduce the number of the driving modules, thereby
reducing the area occupied by each OLED pixel unit,
which facilitates improvement of the pixel density of the

OLED display device.
[0006] An embodiment of the present invention pro-
vides an OLED pixel unit, comprising driving modules, a
selecting module and a light emitting module. The
number of the driving modules is M, the light emitting
module comprises N light emitting units, wherein M<N.
The N light emitting units emit N colors of light capable
of achieving full color display, respectively. Each driving
module generates at most one driving current in a frame
of picture so as to drive one light emitting unit to emit
light, and at least one driving module generates the driv-
ing current in each of a plurality of frames of pictures so
as to drive different light emitting units to emit light in the
plurality of frames of pictures, so that the M driving mod-
ules drive the N light emitting units to emit light in n frames
of pictures, wherein 2≤n≤N. The selecting module is con-
figured to perform gating so that the light emitting unit
about to emit light in each frame of picture is connected
with the corresponding driving module.
[0007] The plurality of light emitting units may be con-
nected in parallel, and the selecting module may com-
prise switching devices provided on branches where the
respective light emitting units are located.
[0008] The switching device may be a thin film transis-
tor, a control electrode of the thin film transistor is con-
nected with a control voltage terminal, and a first elec-
trode and a second electrode of the thin film transistor
are connected with the driving module and the light emit-
ting unit, respectively.
[0009] The light emitting unit may further be connected
with a low voltage terminal.
[0010] The light emitting unit may be an OLED.
[0011] The number of the driving modules may be one.
[0012] The number of the light emitting units may be
three.
[0013] The three light emitting units may emit red light,
green light and blue light, respectively.
[0014] Each driving module may comprise a switching
transistor, a driving transistor and a storage capacitor. A
control electrode of the switching transistor is connected
with a gate line, a first electrode of the switching transistor
is connected with a data line, and a second electrode of
the switching transistor is connected with a control elec-
trode of the driving transistor and a first terminal of the
storage capacitor. A first electrode of the driving transis-
tor is connected with a high voltage terminal, and a sec-
ond electrode of the driving transistor is connected with
the selecting module and a second terminal of the storage
capacitor.
[0015] Another embodiment of the present invention
provides a method of driving the above OLED pixel unit.
In the method, the driving modules generate N driving
currents in the n frames of pictures so as to drive the N
light emitting units to emit light, so that the OLED pixel
unit displays one pixel in the n frames of pictures, a time
interval between a light-emitting time of the first light emit-
ting unit to emit light and a light-emitting time of the last
light emitting unit to emit light is controlled to be within a
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human visual persistence time.
[0016] In the method, the number of the driving mod-
ules may be one, the driving module generates N driving
currents corresponding to the N light emitting units in N
frames of pictures, and the driving module is connected
with one light emitting unit in each frame of picture
through the selecting module so as to drive the light emit-
ting unit to emit light.
[0017] In the method, the light emitting module may
comprise a red light emitting unit, a green light emitting
unit and a blue light emitting unit. In the first frame of
picture, the driving module generates a first driving cur-
rent so as to drive the red light emitting unit to emit red
light. In the second frame of picture, the driving module
generates a second driving current so as to drive the
green light emitting unit to emit green light. In the third
frame of picture, the driving module generates a third
driving current so as to drive the blue light emitting unit
to emit blue light.
[0018] Yet another embodiment of the present inven-
tion provides an OLED display device, comprising the
above OLED pixel unit.
[0019] In the OLED pixel unit according to the embod-
iment of the present invention, at least one of the M driving
modules generates the driving current in each of the plu-
rality of frames of pictures, so as to drive different light
emitting units to emit light in the plurality of frames of
pictures, so that the number of the light emitting units
emitting light in each frame of picture is less than N, and
the number of the driving modules in the OLED pixel unit
may be less than that of the light emitting units. Compared
with the prior art, such a configuration reduces the
number of the driving modules, which may reduce the
area occupied by each OLED pixel unit, thereby facilitat-
ing improvement of the pixel density of the OLED display
device.
[0020] In the method of driving the OLED pixel unit
according to the embodiment, at least one driving module
generates the driving current in each of the plurality of
frames of pictures and drives different light emitting units
to emit light in the plurality of frames of pictures, so that
the number of the light emitting units emitting light in each
frame of picture is less than N, and the number of the
driving modules in the OLED pixel unit may be less than
that of the light emitting units. Compared with the prior
art, such a configuration reduces the number of the driv-
ing modules, which may reduce the area occupied by
each OLED pixel unit, thereby facilitating improvement
of the pixel density of the OLED display device.
[0021] The OLED display device according to the em-
bodiment utilizes the above OLED pixel unit, the area
occupied by each OLED pixel unit may be reduced, there-
by facilitating improvement of the pixel density of the
OLED display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings which constitute

a part of the description are used for providing further
understanding of the present invention and for explaining
the present invention in conjunction with the following
specific embodiments, rather than limiting the present
invention. In the accompanying drawings:

Fig. 1 is a circuit diagram of a driving module in the
prior art;
Fig. 2 is a schematic diagram of an OLED pixel unit
according to an embodiment of the present inven-
tion; and
Fig. 3 is a timing diagram of control signals for allow-
ing light emitting units in an OLED pixel unit to emit
light according to an embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] Hereinafter, specific embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. It should be under-
stood that the embodiments described herein are only
employed for illustrating and explaining the present in-
vention, rather than limiting the present invention.
[0024] Fig. 2 is a schematic diagram of an OLED (or-
ganic light emitting diode) pixel unit according to an em-
bodiment of the present invention. As shown in Fig. 2, in
the present embodiment, the OLED pixel unit comprises
a driving module 1, a selecting module 2 and a light emit-
ting module 3. The OLED pixel unit of the embodiment
comprises one driving module 1, the light emitting module
3 comprises three light emitting units for emitting three
colors of light capable of achieving full color display (e.g.,
red light, green light and blue light), the light emitting unit
is an OLED. The driving module 1 generates a driving
current in a frame of picture, so as to drive one light emit-
ting unit to emit light, and the selecting module 2 is con-
figured to perform gating so that the light emitting unit
about to emit light in each frame of picture is connected
with the driving module 1. In the embodiment, one driving
module is provided for three light emitting units, and light
emissions of three light emitting units constituting one
pixel are completed in three frames of pictures. Com-
pared with the prior art, the number of the driving modules
1 in each OLED pixel unit may be reduced in the embod-
iment, which facilitates improvement of the pixel density
of the OLED display device.
[0025] It should be understood that, the OLED pixel
unit of the present invention is not limited to the embod-
iment shown in Fig. 2, the OLED pixel unit may comprise
M driving modules 1, the light emitting module 3 may
comprise N light emitting units, the light emitting module
may be an OLED, wherein M<N. The N light emitting
units emit N colors of light capable of achieving full color
display, respectively. Each driving module 1 generates
at most one driving current in a frame of picture so as to
drive one light emitting unit to emit light, and at least one
driving module 1 generates the driving current in each of
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a plurality of frames of pictures so as to drive different
light emitting units to emit light in the plurality of frames
of pictures, so that the M driving modules 1 drive the N
light emitting units to emit light in n frames of pictures,
wherein 2≤n≤N. The selecting module 2 is configured to
perform gating so that the light emitting unit about to emit
light in each frame of picture is connected with the driving
module 1.
[0026] In the OLED pixel unit of the embodiment, M<N,
i.e., the number of the driving modules 1 is smaller than
that of the light emitting units included in the light emitting
module 3. Compared with the prior art, the number of the
driving modules 1 in the OLED pixel unit of the embodi-
ment is smaller, so that the area occupied by each OLED
pixel unit may be reduced, which facilitates improvement
of the pixel density of the OLED display device.
[0027] Specifically, in the embodiment, at least one
driving module 1 generates the driving current in each of
the plurality of frames of pictures to drive different light
emitting units to emit light in the plurality of frames of
pictures, thereby allowing the M driving modules gener-
ate N driving currents in the n frames of pictures so as
to drive the N light emitting units to emit light, i.e., achiev-
ing a technical solution in which the N light emitting units
are driven by the M driving modules 1 so that the OLED
pixel unit displays N color components of one pixel in the
n frames of pictures. For example, when N=3 and M=2,
one of two driving modules 1 is configured to generate
the driving current in each of two frames of pictures so
as to drive two light emitting units to emit light in the two
frames of pictures, while the other driving module 1 may
generate the driving current in the first frame of picture
to drive another light emitting unit to emit light, and may
not generate the driving current in the second frame of
picture (alternatively, the other driving module 1 may gen-
erate the driving current in the second frame of picture,
and may not generate the driving current in the first frame
of picture).
[0028] In the embodiment, the OLED pixel unit displays
one pixel through the n frames of picture. Therefore, com-
pared with the technical solution of displaying one pixel
in one frame of picture in the prior art, the OLED display
device using the OLED pixel unit provided in the embod-
iment displays less frames of pictures when refresh rates
of the display devices are equal. In this case, the refresh
rate of the OLED display device may be increased to
display more frames of pictures per unit time.
[0029] In the prior art, in one frame of picture, the light
emitting units in the OLED pixel unit are driven by re-
spective corresponding driving modules to emit light si-
multaneously, so that each OLED pixel unit displays cor-
responding color and luminance.
[0030] However, in the present embodiment, the light
emissions of the N light emitting units in the OLED pixel
unit are completed in the n frames of pictures, wherein
2≤n≤N. It could be understood that, in this case, if an
image seen by a viewer has a corresponding color pre-
sented after mixing of various colors of light emitted from

the plurality of light emitting units, rather than colors of
light individually emitted from the respective light emitting
units, a time interval between light-emitting time of the
first light emitting unit to emit light and light-emitting time
of the last light emitting unit to emit light should be less
than human visual persistence time.
[0031] It is known that, the OLED display device is dif-
ferent from the liquid crystal display device (LCD). In the
LCD, each subpixel requires relatively long response
time to display corresponding luminance. In the OLED
display device, a response speed of light emission of the
OLED is relatively high. In this case, in the OLED pixel
unit of the embodiment, the time interval between the
light-emitting time of the first light emitting unit to emit
light and the light-emitting time of the last light emitting
unit to emit light may be controlled within the human vis-
ual persistence time, so that the displayed image of the
OLED pixel unit seen by the viewer has the correspond-
ing color presented after mixing of various colors of light
emitted from the plurality of light emitting units, rather
than the colors of light individually emitted from the re-
spective light emitting units.
[0032] For example, as shown in Fig. 2, the number of
the driving modules 1 is one, such a configuration reduc-
es the number of the driving modules 1 to the utmost
extent and reduces the area occupied by each OLED
pixel unit to the utmost extent, thereby improving the pixel
density of the OLED display device to the utmost extent.
In this case, the driving module 1 requires N frames of
pictures to generate N driving currents, so as to drive N
light emitting units to emit light, so that only by the N
frames of pictures, can the OLED pixel unit display N
color components of one pixel.
[0033] As shown in Fig. 2, the plurality of light emitting
units are connected in parallel, and a switching device
20 is provided on a branch where each light emitting unit
is located. The selecting module 2 comprises the switch-
ing devices 20 provided on the branches where the re-
spective light emitting units are located. For example, the
switching device 20 may be a thin film transistor, in this
case, a control electrode of the thin film transistor is con-
nected with a control voltage terminal, and a first elec-
trode and a second electrode of the thin film transistor
are connected with the driving module 1 and the light
emitting unit, respectively.
[0034] In the embodiment, it is noted that the control
electrodes of the thin film transistor described above and
the transistors described later are gates, the first elec-
trodes thereof are sources, and the second electrodes
thereof are drains.
[0035] Generally, the number of the light emitting units
in the OLED pixel unit is three, and the light emitting units
emit red light, green light and blue light, respectively.
[0036] Hereinafter, a principle and a procedure of
achieving display by the OLED pixel unit according to the
embodiment will be described in detail by taking an ex-
ample in which the OLED pixel unit comprises one driving
module 1 and the light emitting module 3 comprises three
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light emitting units (respectively emitting the red light, the
green light and the blue light) with reference to a timing
diagram of a control signal shown in Fig. 3.
[0037] Firstly, in a first frame of picture (R frame), the
driving module 1 generates a first driving current, and
meanwhile, the thin film transistor provided on the branch
where the light emitting unit emitting the red light is lo-
cated is turned on under the control of the control voltage
terminal Gr, the first driving current is input into the light
emitting unit emitting the red light so as to drive the light
emitting unit to emit the red light.
[0038] Subsequently, in a second frame of picture (G
frame), the driving module 1 generates a second driving
current, and meanwhile, the thin film transistor provided
on the branch where the light emitting unit emitting the
green light is located is turned on under the control of the
control voltage terminal Gg, the second driving current
is input into the light emitting unit emitting the green light
so as to drive the light emitting unit to emit the green light.
[0039] Next, in a third frame of picture (B frame), the
driving module 1 generates a third driving current, and
meanwhile, the thin film transistor provided on the branch
where the light emitting unit emitting the blue light is lo-
cated is turned on under the control of the control voltage
terminal Gb, the third driving current is input into the light
emitting unit emitting the blue light so as to drive the light
emitting unit to emit the blue light.
[0040] In above procedure, the time interval between
the time of the first light emitting unit to emit the red light
and the time of the last light emitting unit to emit the blue
light is controlled to be within the human visual persist-
ence time, so that the viewer sees the color of light after
mixing of the red light, the green light and the blue light
emitted from the respective light emitting units.
[0041] Specifically, as shown in Fig. 2, each driving
module 1 may comprise a switching transistor T1, a driv-
ing transistor M1 and a storage capacitor C1. The control
electrode of the switching transistor T1 is connected with
a gate line Gate, the first electrode of the switching tran-
sistor T1 is connected with a data line Data, and the sec-
ond electrode of the switching transistor T1 is connected
with the control electrode of the driving transistor M1 and
a first terminal of the storage capacitor C1. The first elec-
trode of the driving transistor M1 is connected with a high
voltage terminal VDD, and the second electrode of the
driving transistor M1 is connected with the selecting mod-
ule 2 and a second terminal of the storage capacitor C1.
Each light emitting unit is also connected with a low volt-
age terminal VSS.
[0042] Specifically, during a procedure of generating
the driving currents by the driving module 1 shown in Fig.
2 (i.e., every frame of picture), a high-level signal is first
input from the gate line Gate so that the switching tran-
sistor T1 is turned on, and in this case, the data line Data
charges the control electrode of the driving transistor M1
and the first terminal of the storage capacitor C1, so that
the voltages thereof become Vdata. Subsequently, a low-
level signal is input from the gate line Gate so that the

switching transistor T1 is turned off, the voltage stored
in the storage capacitor C1 allows the voltage of the con-
trol electrode of the driving transistor M1 to be maintained
at Vdata and allows the driving transistor M1 to be turned
on, so as to generate the driving current according to the
voltages of the control electrode and the first electrode
of the driving transistor M1, the driving current I may be
expressed by the following equation: 

[0043] While the above driving current is generated,
the thin film transistor provided on the branch where one
light emitting unit is located is turned on, so that the driving
current may drive the light emitting unit to emit the cor-
responding color of light.
[0044] It should be noted that, in the embodiment, the
structure of the driving module 1 is not limited to the struc-
ture of 2T1C (i.e., two transistors and one storage ca-
pacitor) shown in Fig. 2, the structure may also be any
structure capable of driving the light emitting unit to emit
light (e.g., a driving structure comprising more transistors
and/or more storage capacitors).
[0045] In the OLED pixel unit according to the embod-
iment of the present invention, at least one of the M driving
modules 1 generates the driving current in each of the
plurality of frames of pictures, so as to drive different light
emitting units to emit light in the plurality of frames of
pictures, so that the number of the light emitting units
emitting light in each frame of picture is less than N, and
the number of the driving modules 1 in the OLED pixel
unit may be less than that of the light emitting units. Com-
pared with the prior art, such a configuration reduces the
number of the driving modules 1, which may reduce the
area occupied by each OLED pixel unit, thereby facilitat-
ing improvement of the pixel density of the OLED display
device.
[0046] Another embodiment of the present invention
provides a driving method of an OLED pixel unit, for driv-
ing the OLED pixel unit of the above embodiment of the
present invention. In the embodiment, the driving mod-
ules generate N driving currents in n frames of pictures
to drive N light emitting units to emit light, so that the
OLED pixel unit displays one pixel in the n frames of
pictures. In the driving method, at least one driving mod-
ule generates the driving current in each of the plurality
of frames of pictures, for driving different light emitting
units to emit light in the plurality of frames of pictures.
[0047] In the driving method of the OLED pixel unit
according to the embodiment, at least one driving module
generates the driving current in each of the plurality of
frames of pictures and drives different light emitting units
to emit light in the plurality of frames of pictures, so that
the number of the light emitting units emitting light in each
frame of picture is less than N, and the number of the
driving modules in the OLED pixel unit may be less than
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that of the light emitting units. Compared with the prior
art, such a configuration reduces the number of the driv-
ing modules, which may reduce the area occupied by
each OLED pixel unit, thereby facilitating improvement
of the pixel density of the OLED display device.
[0048] For example, the number of the driving modules
in the OLED pixel unit is one, and in this case, the driving
module generates N driving currents corresponding to N
light emitting units in N frames of pictures, and the driving
module is connected with one light emitting unit in each
frame of picture through the selecting module so as to
drive the light emitting unit to emit light. Such a configu-
ration reduces the number of the driving modules to the
utmost extent, and reduces the area occupied by each
OLED pixel unit to the utmost extent, thereby improving
the pixel density of the OLED display device to the utmost
extent.
[0049] Another embodiment of the present invention
provides an OLED display device. In the embodiment,
the OLED display device comprises the OLED pixel unit
of the above embodiment of the present invention.
[0050] The OLED display device according to the em-
bodiment utilizes the OLED pixel unit of the above em-
bodiment of the present invention, the area occupied by
each OLED pixel unit may be reduced, thereby facilitating
improvement of the pixel density of the OLED display
device.
[0051] It should be understood that the above embod-
iments are only exemplary embodiments for illustrating
the principle of the present invention, but the present in-
vention is not limited thereto. Various variations and im-
provements can be made by the person of ordinary skill
in the art without departing from the spirit and essence
of the present invention, and these variations and im-
provements should also be considered to fall within the
protection scope of the present invention.

Claims

1. An OLED pixel unit, comprising a selecting module,
a light emitting module and M driving modules,
wherein
the light emitting module comprises N light emitting
units, wherein M<N;
the N light emitting units emit N colors of light capable
of achieving full color display, respectively;
each driving module generates at most one driving
current in a frame of picture so as to drive one light
emitting unit to emit light, and at least one driving
module generates the driving current in each of a
plurality of frames of pictures so as to drive different
light emitting units to emit light in the plurality of
frames of pictures, so that the M driving modules
drive the N light emitting units to emit light in n frames
of pictures, wherein 2≤n≤N; and
the selecting module is configured to perform gating
so that the light emitting unit about to emit light in

each frame of picture is connected with the corre-
sponding driving module.

2. The OLED pixel unit of claim 1, wherein the plurality
of light emitting units are connected in parallel, and
the selecting module comprises switching devices
provided on branches where the respective light
emitting units are located.

3. The OLED pixel unit of claim 2, wherein the switching
device is a thin film transistor, a control electrode of
the thin film transistor is connected with a control
voltage terminal, and a first electrode and a second
electrode of the thin film transistor are connected
with the driving module and the light emitting unit,
respectively.

4. The OLED pixel unit of claim 3, wherein the light
emitting unit is further connected with a low voltage
terminal.

5. The OLED pixel unit of claim 1, wherein the light
emitting unit comprises an OLED.

6. The OLED pixel unit of claim 1, wherein the number
of the driving modules is one.

7. The OLED pixel unit of claim 1, wherein the number
of the light emitting units is three.

8. The OLED pixel unit of claim 7, wherein the three
light emitting units emit red light, green light and blue
light, respectively.

9. The OLED pixel unit of any one of claims 1 to 8,
wherein each driving module comprises a switching
transistor, a driving transistor and a storage capac-
itor,
a control electrode of the switching transistor is con-
nected with a gate line, a first electrode of the switch-
ing transistor is connected with a data line, and a
second electrode of the switching transistor is con-
nected with a control electrode of the driving transis-
tor and a first terminal of the storage capacitor,
a first electrode of the driving transistor is connected
with a high voltage terminal, and a second electrode
of the driving transistor is connected with the select-
ing module and a second terminal of the storage ca-
pacitor.

10. A method of driving the OLED pixel unit of any one
of claims 1 to 5, wherein
the driving modules generate N driving currents in
the n frames of pictures so as to drive the N light
emitting units to emit light, so that the OLED pixel
unit displays one pixel in the n frames of pictures,
wherein a time interval between a light-emitting time
of the first light emitting unit to emit light and a light-
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emitting time of the last light emitting unit to emit light
is controlled to be within a human visual persistence
time.

11. The method of claim 10, wherein the number of the
driving modules is one, the driving module generates
N driving currents corresponding to the N light emit-
ting units in N frames of pictures, and the driving
module is connected with one light emitting unit in
each frame of picture through the selecting module
so as to drive the light emitting unit to emit light.

12. The method of claim 11, wherein the light emitting
module comprises a red light emitting unit, a green
light emitting unit and a blue light emitting unit,
the driving module generates a first driving current
so as to drive the red light emitting unit to emit red
light in the first frame of picture,
the driving module generates a second driving cur-
rent so as to drive the green light emitting unit to emit
green light in the second frame of picture, and
the driving module generates a third driving current
so as to drive the blue light emitting unit to emit blue
light in the third frame of picture.

13. An OLED display device, comprising the OLED pixel
unit of any one of claims 1 to 9.
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